(1) When decorticated rice is used as the main staple of diet for any length of time beri-beri appears.
(2) Outbreaks of the disease disappear when whole or under-milled rice is substituted for decorticated rice.
(3) Beri-beri never appears when under-milled rice is eaten.
(4) Beri-beri does not occur when parboiled rice is eaten.
(5) A rice which contains over 04 per cent. of phosphorus pentoxide (P20O,) will not cause beri-beri, while one with less than that amount is unsafe if rice forms the principal article of diet.
(6) The incidence of beri-beri depends on the treatment to which rice is subjected before consumption.
(7) Beri-beri is directly caused by deficiency of a certain vitamin or vitamins in the diet. I propose in this paper to consider how far these views are applicable to true tropical beri-beri as it occurs endemically in India. In that country, as elsewhere, beri-beri-or, more properly, beri-beri-like maladies-may occur not only in endemic but in sporadic and epidemic form, and may be associated with the use of other foods than rice, but to deal with all three would take more time than I have at my disposal. I shall confine myself, therefore, to the endemic form of the disease, and lay before you the results of my work on this subject during the past few years in India.
The first point to which I would direct attention is that although rice is widely cultivated in India, and is the staple diet of many millions of her peoples, beri-beri is not widely distributed over the peninsula. On the west coast of India, for instance, as much as 60 to 100 per cent. of the cropped area is under rice, while on the east coast as much as 40 to 60 per cent. is under rice. Now the extent to which rice is cultivated in any given locality is a very fair criterion of the extent to which it enters into the dietary of the people of that locality. This being so, and having regard to the profusion of modern rice mills in India at the present time, one would expect beri-beri, in the light of modern views, to be endemic throughout a wide extent of the peninsula. But it is not. The actual distribution of the disease in India and Burma is shown Ju-T D 1 [March 3, 1924. in fig. 1 ; it will be noted that the distribution of beri-beri as an endemic is limited to a narrow strip of coastal area situated in the north-east coast division of the Madras Presidency, to a few circumscribed areas in Bengal and Assam, to the coast of Burma, and the valleys of the Irrawaddy and Salween rivers in that Province. Isolated cases, or even small outbreaks, occur from time to time in other parts of India-the sites of these are indicated by Arabic numerals-but these outbreaks are usually confined to troops (British or Indian) , to the crews of ships touching at Indian ports, to prisoners in gaols, to certain Chinese communities, and to former residents of endemic areas who have migrated to other parts of India. In this map I would direct attention to the narrow strip on the west coast which is indicated in black-the Konkan district of the Bombay Presidency. It is in the same latitude as the similar strip on the east coast of the Madras Presidency, where beri-beri has its endemic home. In the former beri-beri is wholly unknown among the civil population; in it rice cultivation is mainly dependent on rainfall, while in the similar area on the east coast it is dependent on irrigation; in the former the percentage of gross cultivated area under rice is 68, in the latter 38; in the former there are 173 rice mills, producing for the most part raw, milled and polished rice, in the latter 203 rice mills, producing for the most part parboiled rice (although they produce also raw, milled, and polished rice for local consumption). The density of the population to the square mile in the strip of coast on the west is 222, in that on the east 345; in proportion to the population there are as many rice mills in the one as in the other. It may safely be inferred that the consumption of raw, milled, and polished rice is as great per head of the population on the west coast as on the east, yet beri-beri is unknown in the former, while it prevails extensively in the other. In both decorticated rice is the main staple of diet of large sections of the community, and with the exception of pulses is the only grain eaten by the rice-eating classes. Clearly, then, if beri-beri be so closely related to the consumption of decorticated rice as to justify the assertion that it " appears when decorticated rice is used as the main staple of diet for any length of time," it should be as common on the west coast of Bombay as it is on the north-east coast of Madras. Since it is not, it would seem that other factors, apart from the staple diet of decorticated rice, are concerned in its absence in the one locality or in its presence in the other. The possibilities which cross the mind are that either the foods used to supplement the staple diet of rice are much more potent in their protective effect in the one district than in the other, or that there is some influence other than rice peculiar to the endemic area on the east coast which is absent from the non-endemic area on the west coast. There is considerable evidence in favour of the first of these possibilities, but personally I incline to the second; for however potent the supplementary foods used by the people of the west coast may be, there must be some among so large a population who, from poverty or other reasons, do not avail themselves of them, and who would, therefore, be expected to present examples of beri-beri, were its occurrence merely a matter of the too exclusive use of decorticated rice. Yet I have the assurance of unquestionable authority that beri-beri is unknown among the civil population of the Bombay Presidency. I might draw other similar contrasts relating to other parts of India, but the result would be the same, pointing in a conspicuous way to the probability of some peculiarity of endemic areas, apart from the diet of the people, on which the endemicity of beri-beri is in some way dependent. At the same time it is not to be forgotten that the occurrence of beri-beri may be related as much to the nutritive and vitamin values of the articles used to supplement the staple diet of rice as to the rice itself; and it must be said of the endemic areas of the Madras Presidency that the food grains used for the purpose-usually millet and maize-are not of a quality calculated to afford protection against beri-beri, either when used as supplements to a staple diet of rice or as substitutes for rice.
It is generally believed that the occurrence of beri-beri amongst those who habitually make use of rice as their staple article of diet depends on the treat- ment to which the rice grains are subjected before use by the consumers. The map of the Madras Presidency ( fig. 2) shows the limitation of the endemic to the coastal areas of Ganjam, Vizagapatam, Godavari, Kistna, Guntur and Nellore, and its almost complete absence from other parts of the Presidency. Cases of the disease-chiefly amongst troops and emigrants from endemic zones-have been reported from five places in what one may call " the non-endemic areas " of Madras, but the total number of such cases during the past twenty-one years was only 102, as compared with 12,500 cases reported from the endemic area during the past five years. In the endemic area most of the rice produced by the mills is parboiled rice; a less amount of raw, milled and polished rice is, however, produced for local consumption. There is little doubt that in general more raw, milled and polished rice than parboiled rice is eaten by the people residing in these endemic areas. In parts of the Presidency outside endemic areas parboiled rice is mainly used, so that in accordance with present-day views it would seem that the distribution of the malady in this Presidency is associated with the consumption of raw, milled and polished rice rather than with that of parboiled rice. Limiting our area, however, to the endemic localities themselves, we find a number of facts which make it impossible to affirm either that " beri-beri never appears when undermilled rice only is used," or that " beri-beri does not occur when parboiled rice is eaten."
The first of these is of great interest; it was recorded by Malcolmson so long ago as 1835, and has recently been confirmed by myself, although not until my own observations had been made did I have the opportunity of reading his remarkable book, entitled " A Practical Essay on the History and Treatment of Beri-beri." The facts relate to the peculiarly limited distribution of the disease. Malcolmson found that it " prevailed extensively " a century agoand probably for long before thatin precisely the same areas in which I have found it to prevail to-day. He emphasized that it was rarely met with further inland than fifty miles from the coast, and then only amongst emigrants from the endemic area-facts equally true to-day. Now, it is only within comparatively recent years that the machine milling of rice has been practised in this district, and during these years the practice has extended rapidly; but despite the present profusion of rice mills beri-beri appears to have extended its endemic borders but little, if at all, during the past eighty-nine years, for I have found these borders to be practically the same as in Malcolmson's day.
Thus beri-beri " prevailed extensively " in its present endemic haunts long before the machine milling of rice was introduced, and at a time when the home pounding of rice and the use of unpolished rice were universal customs. But although the machine milling of rice is now so commonly practised in Madras, and especially in those parts of it where beri-beri is endemic, it is still not practised in places distant from the towns where rice mills are located. In country districts the home pounding of rice is still the common practice, and beri-beri still prevails amongst the users of home-pounded or unpolished rice in endemic areas, although it is less common amongst them than amongst the users of raw, milled and polished rice. Out of a total of 12,500 cases of the disease occurring in the six districts of the north-east coast of Madras during the past five years, over 2,000 were reported from country districts in which home-pounded (raw or parboiled) unpolished rice was in general use. In this respect different districts vary greatly; thus of 5,101 cases in the Kistna district 293, or 5'7 per cent., occurred among users of home-pounded unpolished rice, 4,808 among the users of milled and polished rice. The percentage was somewhat higher in other districts in this endemic area, but only in Ganjam did the number of cases reported as beri-beri among the users of under-milled rice exceed those among the users of polished rice, and in this case I have reason to believe that epidemic dropsy was included in the returns. It is inadvisable to place too much reliance on statistics, but there can be no reasonable doubt that in endemic areas of the Madras Presidency beri-beri can and does prevail, and has so prevailed for a century at least, among the users of home-pounded or under-milled rice. Speaking generally, it may be said that in these areas the disease is approximately ten times less common among the users of such rice than among those who habitually use polished rice. To approximately this extent does the incidence of beri-beri depend on the treatment to which rice is subjected before consumption, but to this extent only. But while it is not true of endemic areas of the Madras Presidency that beri-beri never appears when under-milled rice only is used, it is true of non-endemic areas. In the former I have found the disease to be nine times more common in towns where the use of polished rice is fairly general than in country districts where the use of home-pounded rice is general. In the latter the disease is very rare or unknown.
Similarly, it is not true of the endemic areas of the Madras Presidency that beri-beri does not occur when parboiled rice is eaten, although it is true of nonendemic areas. It is certainly less common among the users of parboiled rice in the former areas, but it is far from unknown among them. Thus, the disease is rife among the users of this rice in such coastal towns in the endemic zone as Cocanada, Masulipatam, and Vizagapatam. The same is true of Rangoon. In this connexion it may be mentioned that the only rice with which I have succeeded in producing beri-beri in pigeons when used as their exclusive food was of the status of parboiled rice, and was actually taken from the stock in use by a group of sufferers from the disease in Masulipatam. Now, to my mind the chief point of interest in these observations is that while under-milled and parboiled rices may, and apparently do, afford protection against beri-beri, outside the endemic zone, they do not alwavs afford protection against it in the endemic zone-a fact which again points to some peculiarity, apart from the rice diet, in the endemic zone on which the endemicity of the disease would appear to depend. In this connexion mention may be made of three facts of great interest.
(1) Contrary to the usually accepted belief, Mohammedans in endemic areas of the Madras Presidency suffer more from beri-beri than Hindus, despite that the food of the former is much more varied, and that the latter restrict themselves much more rigidly to a rice dietary. When I made this observation a few months ago it seemed to me incredible, and it was not until I found out that Malcolmson, Geddes, Macdonnell, Colhoun and others had also made it nearly a century ago that I was satisfied as to its truth. In regard to this matter of caste, Pariahs, who eat anything, suffer most from beri-beri in endemic areas of the Madras Presidency; native Christians, who have no food scruples, suffer next in order of incidence of the disease; Mohammedans, who eat most things, come next, and Hindus, the greatest rice-eaters of all, last in order of affliction by beri-beri. Here also it may be said that the orthodox Hindu does not use parboiled rice, while other castes do.
(2) The second fact is of equal interest-namely, that although at the present time the diet scale of Indian prisoners is the same in all central and sub-gaols in the Madras Presidency (consisting of millet or maize flour, rice, pulses, or vegetables, oil, and condiments), beri-beri originates only in those located within the endemic zone. Such cases as have been recorded during the past ten years in gaols located outside the zone are stated to have been imported from the endemic zone.
(3) The third fact is of still greater interest. Out of a total of 565 cases of beri-beri which occurred among Indian troops located in the various military stations throughout India during the years 1900 to 1914, 492, or 89 per cent., were in Madrassis, and the majority of these in men recruited from the north-east coast division of Madras, where beri-beri is endemic. Facts such as these almost force one to the conclusion that there are factors concerned in the causation of beri-beri in endemic areas-apart from the too exclusive use of a rice dietary-which are absent or of feeble potency in non-endemic areas. It would seem that residence in an endemic locality imparts to certain individuals a susceptibility to the disease which favours its development under conditions of life-faulty food, imperfect hygiene, over-exertion, hardship, cold, and damp-that do not suffice to cause it in others not rendered susceptible to it by such residence. It is always among recruits from endemic localities that the disease is most common in Madrassi regiments. Although their scale of rations is the same as that of men of longer service, they succumb more readily to beri-beri in consequence of their conditions of service (drilling and the like) in the army. Experimental evidence also supports the view that residence in endemic areas imparts to certain individuals a susceptibility to this malady which they take with them to non-endemic areas. My own observations in this regard support those of Malcolmson in 1836. It is said that rice which contains over 0 4 per cent. of phosphorus pentoxide (P205) will not cause beri-beri, while one with less than this amount is unsafe if rice forms the principal article of diet. I believe that workers in the Dutch Indies have found this rule to have so many exceptions that it can no longer be regarded as a rule. The chemical investigations of Dr. Norris, who has been associated with me in the study of the rices in common use in India, confirm the results of workers in the Dutch Indies. They show that although rice of low phosphoric acid content is more likely to be associated with beri-beri in endemic areas, yet in these areas the malady may occur among the users of rice having a phosphoric acid content as high as 045 or even 0 5 per cent. On the other hand, in non-endemic areas rice of low phosphoric acid value may form the staple diet of many people, yet the users of it do not suffer from beri-beri. Thus, one rice in common use in the Tanjore district of the Madras Presidency, where beri-beri does not occur, contains only 036 per cent. of phosphorus pentoxide. A more detailed reference to these chemical investigations would take me too far afield; those who are interested will find a full account of them in the report by Dr. Norris and myself recently submitted to the Indian Research Fund Association and presently to appear in the official publications of that body. Two further points may be mentioned before closing this section of my paper: I have found no evidence in Madras that the export of rice from endemic areas of that Presidency is associated with the spread of beri-beri. Thus rice is exported from these areas to Ceylon, where beri-beri does not originate (Castellani and Chalmers), such cases as there are being imported cases. Nor have I found any satisfactory evidence that the malady is associated with the storage and deterioration either of paddy or of rice. The limited evidence I was able to collect did not suggest that the generation of a poison in rice was concerned in the causation of the disease. There is one point in regard to deteriorated rice which calls for mention-namely, that such rice to be eaten at all must be thoroughly washed, thereby reducing its vitamin value to the status of a highly polished rice (vide infra). It is possible that the suspicions attached to deteriorated rice (which is commonly parboiled rice of comparatively high vitamin value) may be capable of partial explanation in this way.
So far, then, it would seem that the generally accepted views in regard to rice and beri-beri summarized at the beginning of this paper require considerable modification so far as India is concerned. There remains now to be considered the statement that " beri-beri is directly caused by deficiency of a certain vitamin or vitamins." The evidence I have to lay before you in this connexion is based on the experimental study of a large number of rices in common use in India, and of the paddy from which they were prepared. The general scheme of the experiments was this: Pigeons from the same locality, and as nearly as possible of the same age, weight, and strain, were divided into groups of six in such a way that the average weight of the birds in each group was the same. Each group then received as its exclusive food one of the rices or paddy to be tested. The effects of the various treatments to which paddy may be subjected before it reaches the consumers from the mills are shown in fig. 3 (p. 73). The paddy used was specially milled for me, both in the raw and in the parboiled state. Parboiling consists in the steeping of the raw paddy in tanks for twenty-four hours or longer. The water is then drained off, and the soaked rice conveyed to metal receptacles through which steam at high pressure is passed for fifteen minutes or so. The soaked and steamed rice is then removed and dried in the sun. Parboiling causes the pericarp to adhere to the grain, so that it is much more difficult to remove in milling. It thus preserves to the rice grain much of its vitamin B; but the process involves a considerable loss of vitamin A, so that pigeons fed exclusively on certain parboiled rices sometimes develop ophthalmia.
In the experiment the same paddy in both the raw and the parboiled state was submitted to various degrees of milling and polishing. Adult birds were then fed on the various products; the average weight of the birds in each group was 310 grm. Their weight curves are shown, for the sake of clearness, as straight lines, and represent the average weight of the six birds in each group. It will be noted that the various products derived from paddy group themselves in order of nutritive value as follows: the raw, unpolished rice is the best; next comes the raw paddy; then follow in a diminishing order the parboiled unpolished rice; the parboiled paddy; the parboiled lightly polished rice; the parboiled highly polished rice; and finally, and worst of all, the raw polished rice. Amongst other things the chart demonstrates three of the utmost importance: the beneficial effect of parboiling, the effect of varying degrees of milling and polishing, and the enormous loss in nutritive and vitamin values entailed by the high milling and polishing of rice. These things have been known for long, but it is convenient as well as instructive to see them depicted relatively to one another on the same chart.
In fig. 4 (p. 74) the nutritive and vitamin values of thirty samples of paddy and rice in common use in India are compared one with another and with a normal diet of mixed grains. The samples were obtained from endemic areas of beri-beri as well as from localities where the disease does not prevail. Some of them were the actual rices eaten by sufferers from this disease. Each sample formed the exclusive food of a group of six young pigeons of approximately the same age and strain, all of which were obtained from the same locality-the last point is most important. The weight curve of each group (again shown for the sake of clearness as a straight line) starts at the outset of the experiment from a common point-250 grm.-which represents the average weight of the birds in each group. All weight lines are shown as extending, or as being prolonged, by interrupted lines, to the 100-day mark. At the point where the weight lines, or their prolongations, touch this mark the average daily gain or loss of body weight in grams, caused by the exclusive use of the particular paddy or rice, can be read off. For the comparative purposes of this investigation the figure thus arrived at may be spoken of as the "nutritive value" of the paddy or rice. It will be observed that the different products group themselves in a diminishing order of nutritive value: raw paddy, parboiled paddy, parboiled rice, washed parboiled rice, raw milled rice, and washed milled rice, with occasionally a raw milled rice interposing itself into a group of higher nutritive value. The line at which weight is, on the average, neither lost nor gained is indicated bv the word "maintenance."
For the purpose of comparison of the " vitamin values " of the various rices it was necessary to have some "unit of vitamin value." This unit was designated by the figure 1; it is defined as that amount of vitamin B required daily to keep the average pigeon weighing 250 grm. at maintenance for 100 days without the development of polyneuritis. (It may be mentioned in passing that it is an amount which varies within fairly wide limits in different individuals.) The vitamin value of any particular rice is represented by the average number of days required by it to produce polyneuritis in a group of six young pigeons. This average is indicated in the weight lines by an arrow pointing downwards; by following the arrow downwards to the scale at the bottom of the chart the approximate vitamin value of any particular rice can be read off. This chart shows a number of interesting points, which time does not permit me to discuss; among them are the wide variations in nutritive and vitamin values of the rices in common use in India; the fact that the one value does not always run parallel with the other; the superiority of parboiled over raw milled and polished rice; the effect of washing on paddy and rice in lowering their nutritive and vitamin, and, I may add, their phosphoric acid values; the fact that a parboiled rice may be reduced by washing to the status of a raw milled and polished rice ; and that few rices in common use in India-and none in the present series-are wholly devoid of vitamin B, all of them containing some which may be extracted by washing. The most important point brought out by this chart, however, is that rices known to have been habitually used by sufferers from beri-beri are not by any means always those most deficient in vitamin B. Among these rices are two (viiiB and xi) obtained from the stock of rice actually used by sufferers from beriberi. Both of these are of relatively high vitamin value, viiiB being in fact the best raw rice in the series so far as its content of vitamin B is concerned. It would seem, indeed, that there is no strict parallelism between the degree of the vitamin deficiency of these rices and their association with the human disease. Some of the worst rices in the series are from localities where beriberi does not occur. A rice may be potent to cause polyneuritis columbarum, and yet not be associated with human beri-beri in places where it is known to be the staple article of diet of human beings. In this series it is rather those rices that are relatively less deficient in vitamin B than those that are relatively more deficient in this factor that are known to have been associated with the human disease. If beri-beri in man be indeed directly caused by deficiency of vitamins, there is matter for reflection in this observation that the malady is as likely to arise, and indeed so far as this series goes more likely to arise, when the deficiency is less than when it is greater.
Rice No. xi, which was obtained from Masulipatam, the most noted centre of beri-beri in India, is interesting; it was obtained from the stock actually in use by sufferers from the disease; its vitamin value is relatively high; of twenty-eight rices used it was the only one whose exclusive use was associated in pigeons with the occurrence of a malady having the complete pathological characters of true beri-beri-enlarged and degenerated heart, enlarged liver, enlarged adrenals, polyneuritis, and hydropericardium with or without other evidence of cedema. Fig. 5 (p. 77) shows how variable are the effects of this rice in different birds -a point of the first importance. The chart gives the results of an experiment in which this rice was used as the exclusive food of three adult pigeons. It will be observed that one bird maintained an almost level weight-little less than the average of three adult controls on a normal diet of mixed grainsand survived for a hundred days: that another began to lose weight on the tenth day, and died of septicaemia on the thirty-eighth day of the experiment; and that the third died of beri-beri on the fiftieth day. Some may say that the second bird ought to be excluded because the additional factor of infection was in operation, but the operation of this factor was favoured by the rice diet; and why exclude it any more than the third bird, which died of beriberi on the fiftieth day-for may not an additional factor have been operative in this also? May not this bird also have been the carrier of some unknown agent capable of causing beri-beri, as the second was the carrier of an agent capable of causing septica3mia ? or may not it have been the producer of such an agent? If not, why should it die of beri-beri while the first survived for a hundred days in apparently fair health on the same deficient food? It is constantly being impressed upon one in the course of such experimental work as this that under conditions of faulty food " the ' carrier' may become a patient," to use a happy phrase of Sir Humphry Rolleston's. I have from time to time recorded examples of disease arising in this way, the most notable of which is epithelioma contagiosum of birds. I desire here to emphasize this point of view in connexion with possible causative agents in true beri-beri. The variability of the effects of a notoriously " beri-beriproducing rice" in different individuals is illustrated by the fact that of eighteen birds fed upon this rice in 1923, two developed beri-beri, six polyneuritis (in from seventy-five to ninety-five days), four died from other causes, while the remainder survived for a hundred days. The incidence of beriberi in this series was 11 per cent., while treble that percentage escaped obvious clinical signs of the disease other than some loss of weight.
The well known polyneuritis so readily produced in pigeons by an exclusive diet of polished rice is not the same thing as beri-beri, as the latter disease is seen either in man or in pigeons. In pigeons the great difference between them is that in polyneuritis the heart and liver are atrophied, while in beriberi the heart and liver are enlarged and are the seat of pathological processes. These also are the main differences between human beri-beri and polyneuritis columbarum-differences to which I drew attention in 1919.
It was not until a few months ago that I ever saw a case of beri-beri in pigeons, although I had in previous years fed many hundreds on polished rice and a considerable number on rices credited with beri-beri-producing properties when used by human beings. Among the latter there was one that had been actually in use by sufferers from human beri-beri when I procured supplies from their stock in 1919 and again in 1923. Yet in 1923 I find 11 per cent. of cases among pigeons fed exclusively upon this rice which failed to cause the disease in pigeons in 1919. Why is this? It would not seem to be because this beri-beri-producing rice differed in 1923 from the same rice in 1919, for in' both years it was associated with beri-beri in man. If this be so, it must be concluded that it was because of some difference in the birds used in the two years-a difference in susceptibility, constitution, infection, or what not, and a difference which involved only 11 per cent. of them. Now, in 1923 the pigeons used were obtained from Bangalore; and although beri-beri can hardly be said to be endemic in Bangalore, yet it is one of the places outside the endemic zone where cases of the disease crop up from time to time. In former years I had obtained my birds from places where beri-beri never occurred. It seems possible, even probable, that the place of origin of the birds may have been the determining factor in the occurrence of beri-beri columbarum under the conditions of my experiments. I have already emphasized, as Malcolmson did eighty-nine years ago, that residence in a locality where beri-beri occurs imparts to certain individuals a susceptibility to this malady, and I illustrated my point by the high incidence of the disease among Indian troops recruited from the endemic zone in Madras. It may be that the occurrence of beri-beri in my pigeons was as much a question of individual susceptibility or other variations in the birds themselves as of the vitamin insufficiency to which they were subjected while under experiment. Those individuals in which beri-beri appeared may possibly have been the carriers of an agent capable of imparting to polyneuritis columbarum the character of true beri-beri, or they may have been of such a constitution that under conditions of vitamin insufficiency a poison was evolved in them capable of so doing-a poison exerting a specific action on the heart. Some may say that the rice itself contained such a poison. It may be so; but if it be, why in 1923 should two birds out of eighteen develop beri-beri and not the remaining sixteen ? And why in 1919 should none develop it ?
But I have further evidence to present in this connexion. It was not only amongst Bangalore birds fed on this beri-beri-producing rice from Masulipatam that beri-beri occurred; it occurred also amongst Bangalore birds fed on a mixture of millet and freshly milled and polished rice grown in the Tanjore district where beri-beri does not occur. In the latter diet there was no question of deterioration of the rice or of a contained poison, for it was freshly milled for me, and my supplies were stored under conditions which did not cause deterioration. Indeed, neither the rice itself nor the millet which composed this diet, when used separately as the exclusive food of pigeons, caused beri-beri. The rice, being highly polished, caused polyneuritis in the usual short period of twenty-five days or so; the millet maintained the birds fed exclusively upon it in fairly good health; yet the two together led to the occurrence of beri-beri in a percentage of the birds fed on the mixture. The mixture was productive of beri-beri not because of complete want of vitamin B, but because of insufficiency of vitamin B, for the millet provided a sufficiency of this factor for its own metabolism, but not a sufficiency for the vitamin-poor polished rice with which -%A it was mixed. In the experiment the occurrence of beri-beri columbarum was a question not of complete want of vitamin B, but of insufficiency of this vitamin, and it illustrates further that this insufficiency operated in association with some unknown factor which the afflicted birds themselves provided-a factor capable of superimposing upon polyneuritis columbarum (due solely to vitamin want) the characters of true beri-beri. The only difference between the beri-beri produced in pigeons by the beriberi-producing rice from Masulipatam and that produced by the mixture of millet and Tanjore polished rice was in case incidence; on the former diet 11 per cent. of the birds developed beri-beri; on the latter 2 per cent. But this may well have been a matter of chance, due to the presence in the batch of birds fed on the former diet of a larger proportion of "susceptible" birds, although I would not wish to affirm that actually it was so. Nevertheless, since a non-deteriorated diet of millet and freshly milled rice gave rise to beriberi columbarum, too great significance cannot be attached to deterioration of the " beri-beri-producing rice " as the dominant cause of the malady.
It is significant that none of my pigeons fed on highly milled and polished rice developed beri-beri, although they developed polyneuritis; the reason seems to be that when fed on a rice almost wholly devoid of vitamin B they did not survive long enough for beri-beri to develop. The latter malady took, in my cases, forty-nine days on the average to develop, while birds fed on highly polished rice usually contract polyneuritis within twenty-five days. Here I may be permitted to point out that, iiiportant as it is to know precisely the effect of vitamin want in an otherwise complete diet, it is still more important to know precisely the effect of vitamin insufficiency in association with the other food faults with which it is accompanied in the diets of man and animals. For there is no such thing in nature as a diet wholly wanting in vitamin B which is not at the same time imperfect in other respects. I cannot help feeling that we may neglect, in the profusion of our experiments wherein properly balanced synthetic diets are used to ascertain the effects of lack of a particular vitamin, to study the effects of those diets in common use, and associated with disease production, which are not only deficient in vitamins, but ill balanced as well. However this may be, a synthetic diet wholly devoid of vitamin B will not be as likely to cause true beri-beri either in animals or in man as one containing an insufficiency of this vitamin and an excess of starch. The fact that beriberi did not arise in pigeons fed exclusively on highly polished rice is significant also, inasmuch as it shows that beri-beri, in so far as it can be said to be caused by vitamin want, is caused rather by insufficiency than by complete want of it. Paradoxical as it may sound, it needs a little vitamin B-always provided this little be an insufficiency-to enable beri-beri to arise; that is to say, to enable the birds to live long enough for this disease to develop. I doubt whether true beri-beri can with truth be said to be directly caused by deficiency of vitamin B, although I have no doubt that insufficiency of this substance is an essential factor in its causation. I expressed this doubt in 1919. I then stated that although vitamin B deficiency was the essential pathological factor in beri-beri, it was rarely so complete as to be the sole agent responsible for it. With my present experience I would word this conclusion a little differently, yet, worded as it was, it was found "to be in remarkable agreement with the clinical observations on beri-beri in Mesopotamia" during the late war. I will now contrast the incidence of beri-beri in my pigeons with the incidence in man. Among 119 Bangalore pigeons which were fed until death or for 120 days either on the beri-beri-producing rice from Masulipatam, or on raw milled and polished rice and millet, four showed at post-mortem examination pathological conditions which entitled the disease from which they had suffered to be regarded as beri-beri-that is to say, the heart was much enlarged and degenerated, and averaged in weight 5'2 grm.; the average in fifty-one control birds from the same locality being 3-1 grm., the maximum 4'1 grm. The liver was also much enlarged, as were the adrenal glands, while hydropericardium was present in all cases. These features, in addition to polyneuritis, are characteristic of the human disease. Of the 119 birds, fourteen were excluded either in consequence of death from accidental causes or from such maladies as epithelioma contagiosum. There were thus four cases of beri-beri columbarum among 105 birds fed in the way described-a case incidence of 3'8 per cent. Cases of intermediate type bridging the gulf between polyneuritis columbarum and beri-beri columbarum also occurred, but in these some one of the characteristics was wanting on which the diagnosis of beri-beri was based; of well defined cases there were four, or 3'8 per cent. Compare this case incidence with that in man; the military medical records of India provide at least one example of an outbreak of this disease in man, the circumstances of which are well authenticated. The outbreak occurred in a battalion of Gurkhas approximately 800 strong. The whole battalion had for several months been subsisting on a diet made up of decorticated rice, pulses, vegetables, oil and condiments, and for a fortnight before the appearance of the outbreak the rice was of bad quality. The diet was thus one that contained an insufficiency of vitamin B, but it was not wholly lacking in this vitamin. It may be that the outbreak was precipitated by the bad quality of the rice during the fortnight preceding its appearance, for, as I have pointed out, such deteriorated rice to be used at all must be well washed and its vitamin value thereby greatly reduced. Among the 800 men there occurred thirty cases of beri-beri, or a case incidence of 3'7 per cent. The outbreak, which was of a cardiac type, was promptly cut short when a proportion of the rice was replaced by atta (whole wheat flour).
The outbreak in the battalion and that in my pigeons resemble one another both in regard to the case incidence of the disease and in regard to the fact that the malady was associated with the use of a diet which contained an insufficiency of vitamin B, but was not wholly wanting in it. The question now arises: Why did 770 out of 800 men escape beri-beri when all had been subsisting on the same deficient food for months past, when, in fact, all were subjected to the same degree of vitamin insufficiency? And why did 101 out of 105 pigeons escape beri-beri when all were fed alike? Presumably because there was in operation in the thirty men who developed it some factor in addition to the vitamin insufficiency which was absent, or failed to affect in the same degree, the 770 who did not develop it. Similarly with the pigeons. If we look at the matter from the point of view of the heart condition alone we are at once impressed by the fact that some additional factor must have been in operation in beri-beri birds which exercised a specific effect on the heart, for vitamin deficiency alone does not cause cardiac enlargement in pigeons, but, on the contrary, cardiac atrophy. Surmise as to the nature of this factor is permissible, since if it is to be found we must have some line of thought along which to work. It is possible that the subjects of beri-beri may have been carriers of some organism whose products exercised this effect on the heart muscle, just as certain of my pigeons were carriers of an invisible virus which exercised a specific effect on epithelial tissue, and the fact that beri-beri arose only in birds obtained from a certain place is presumptive evidence in favour of such a view; or the gastro-intestinal flora of the sufferers from beri-beri may have been of such a nature as caused the evolution of a poison which exercised. this specific effect on the heart; or it may be that certain birds were of such a constitution that the disturbed metabolism resulting from the vitamin insufficiency caused a poison to be evolved in those who suffered from beriberi which was not evolved, or not to the same extent, in those who escaped. Or was it merely a question of individual idiosyncrasy, and, if so, what do we mean by that ? Is not individual idiosyncrasy likely to depend on such things as I have just mentioned? But even if this be so, individual idiosyncrasy to disease resulting from deficiency of vitamin B depends in great measure on the degree of the deficiency; the greater the deficiency the less the variation in individual idiosyncrasy: the less the deficiency-provided there be an insufficiency-the greater the variation in individual idiosyncrasy to disease resulting from it. So on a diet such as those used in the experiments I have detailed, and such as that used by the battalion above referred to, the vitamin values of which were in the neighbourhood of 06, one would expect many individuals to escape the grosser manifestations of disease (such as polyneuritis) consequent on their use. But whether the poison which imparts to polyneuritis columbarum the characteristics of true beri-beri be an extrinsic or an intrinsic one, I am of opinion that such a poison exists; that it is one peculiar to certain places or which is evolved in persons residing or who have resided for considerable periods in certain places; and that its operation is rendered possible by the insufficient intake of a certain vitamin or vitamins in an otherwise ill-balanced diet excessively rich in starch and deficient in suitable proteins. The conclusion which I reached in 1919, that vitamin deficiency is rarely the sole agent responsible for the causation of beri-beri, has been strengthened by my investigations during the past five years.
In the course of my work I have 'produced in pigeons, by means of the rices in common use in India, no less than four "beri-beri-like" diseases (1) Infective polyneuritis, due to infection, but favoured in its genesis by vitamin deficiency.
(2) Polyneuritis due to vitamin deficiency alone.
(3) Polyneuritis due to vitamin deficiency, but precipitated in its onset by various infections.
(4) A malady presenting the characteristics of true beri-beri, and due to an unknown agent acting in association with insufficiency but not complete want of vitamins.
All these have many clinical and pathological features in common, although all have their own distinctive characteristics-easily enough recognizable at post-mortem examination if not always recognizable clinically; in all, vitamin deficiency, in association with the usual food faults which accompany it, is more or less concerned, directly or indirectly, in their causation. If there be this variety of beri-beri-like maladies in pigeons, whose staple diet is rice, there is probably a similar variety of beri-beri-like maladies in man-a surmise which proved to be correct in Mesopotamia during the late war. I am not at all convinced from the literature that when we argue as to the causation of " beri-beri" we are always arguing about the same condition. And so much has this been impressed upon me of late that I look for further progress along clinical and pathological lines which will separate these beri-beri-like states, into entities recognizable as such by the practising physician. Only then will the causal factors in their production be capable of accurate determination.
DISCUSSION.
Dr. H. S. STANNUS said that he had seen very little beri-beri, though he had seen a good deal of the allied conditions. One thing about the theory of beri-beri had always struck him as peculiar-namely, that the absence of a certain factor should by itself be able to produce something-and he had been interested that evening to hear Colonel McCarrison say that in practically all the cases which figured in his experiments with pigeons the insufficiency of vitamin B was associated with some other unknown factor which the afflicted birds themselves provided. He believed that Colonel McCarrison had found this to be true in all the conditions he had noted, except polyneuritis columbarum, and he (the speaker) was of opinion that further investigation would show that it was true of this condition also. He had never been able to understand how the absence of a particular dietetic factor could produce a neuritis; it seemed rather a contradiction in terms.
Dr. ARTHUR POWELL said he had seen most of his cases of beri-beri in the days before vitamins were spoken of. From the resemblance of its symptoms to those of other forms of neuritis definitely caused by poisons such as alcohol, arsenic, emetine, &c., he had always suspected a toxic factor was at work in addition to the diet deficiency.
It was interesting to recall that in pre-war days some of his patients suffering from beri-beri or " epidemic dropsy," which he considered one disease, were in the habit of treating themselves with yeast. The results seemed to him so good, that in his capacity as consulting medical officer to the P. and 0. Company he had ordered rations of marmite to be issued to the Indian crews of the ships on the Eastern station whenever any suspicion of beri-beri arose.
Dr. H. H. SCOTT said he had seen a certain number of cases of beri-beri in China and amongst the Chinese in the West Indies. The Spanish observer, de Melita, laid considerable stress on the factor of soil in the production of the disease, and stated that on an outbreak occurring, upon removing the cases away from the district to another district nlot remote the symptoms cleared up, although no change was made in the diet.
Colonel WILKINSON said that a point of interest was the occurrence of septicsemia amongst the experimental pigeons. Might not the presence of sepsis possibly be an explanation as to why some of the pigeons developed beri-beri while others did not ? Continuing the same line of thought, it was well known that in the treatment of diabetes with insulin there were cases in which insulin did not produce any effect on the course of the disease, po$sibly owing to some obscure infection or constitutional difference. It might be that the presence of sepsis was a factor in the occurrence of beri-beri.
Colonel O'KINEALY said that one striking point about Colonel McCarrison's observations was the prevalence of beri-beri in particular areas of country. It seemed to him (the speaker) that perhaps the area might be at fault rather more than the actual diet or the form of rice used as food. He had no doubt that a thorough investigator like Colonel McCarrison had not lost sight of that point, but it was possible that more might be discovered about the causation of beri-beri if greater attention were paid to the environment of the individuals who suffered from it in endemic areas, and who apparently were carriers to areas not endemic.
Professor L. S. DUDGEON (President) asked whether Colonel McCarrison could say anything about the increased weight of the heart in beri-beri, and could affirm it to be due to the condition of adema. Experimentally, if animals were treated with diphtheria toxin, an enlargement of the heart was produced, and the heart showed increased weight. This was an oedematous condition, and he believed that the same fatty change was recorded in fatal cases of beri-beri. He wished also to know whether Colonel
McCarrison had any positive knowledge with regard to the infectivity of beri-beri. In this connexion he referred to the work of Hamilton Wright, who believed in an infective origin of beri-beri, and brought back from the Federated Malay States a bacillus which he had isolated from fatal cases, very largely from the duodenum. He (the President) remembered the organism quite well, and he showed it at the Society of Tropical Medicine, as it was then called. He also carried out such tests as he could with the organism. He found it not pathogenic to the lower animals, and it was an organism such as one might meet with in the intestinal tract of nornal human beings in this country. Hamilton Wright had wanted further experiments to be carried out, but nothing short of the introduction of the organisms into the human subject, would, to his (the speaker's) mind, have been of any further use.
Colonel MCCARRISON (in reply) said that his object had been to describe the results of his work up to date, and he really had no more information to impart than was contained within his paper. Unfortunately, at the most critical point of the work, the Inchcape axe fell, so that his researches were brought to an untimely end, and he was not able to follow up the investigation of true beri-beri in pigeons. But when he found his first case of beri-beri in a pigeon, he aspirated the blood from the heart of every pigeon which developed polyneuritis thereafter, in the hope that amongst them there would be some that would have true beri-beri; it happened that there were three which had true beri-beri, and in all the cases he found that the heart's blood was sterile, so that he had nothing to add to the President's remarks about the infectivity of the disease. He remembered Hainilton Wright's work very well, and, of course, it was possible that although an organism resident in the gastro-intestinal tract in man was not pathogenic to the lower animals, it might nevertheless be capable of assisting in the production of a toxin when the food was deficient in a certain quality.
